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1. ABPIYRACNTY

Foreign policy behavior is viewed as being generated by adaptive national
systems, and & language appropriate to this focus is introduced. The concepts
surrounding Simon's notion of an "artificial” system provide one such vocabulary,
Artificial systems uay be thought of as a subset of general systems and are
characterized by such concepts as "goals", "inner environments", "outer environ-
ments", an, interfaces.” An adapti ¢ national system is then defined as a
sovernment (I,E.) att-apting to achieve goals (maintain state variubles within
specitied limits) in an O.E. consisting of (at one level of disaggregation) the

.adomestic environment and the international system. Several additional components
of adaptive systems are mentioned and some of their implications for national

'syzCema are discussed.’ The definition of an adaptive system is employed to prove
the impossibility «f e universal adaptor and this result is used t> suggest that
0.E.'s be classified as to their complexity with respect to a given I.E. (national
system). An {liustrative proposition is derived utilizing this approach.
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Section i: Introduction
For quite some tinc now, bioiogists have used the concept of en
"adaptive' system in expisining both macro and micro level bioiogical
b changes. Very looseiy, (and we will be mores precise further on) an
edaptive system is one which manages to change either itself or its
enviromment in such 8 way as to ''get along.' Thus, for example, we
are tcid that dinossurs became extinct because they failed to adapt to
their environment, wherees man is unique in his ability to acapt to a
wide range of environments. More abstraectly, biologists distinguish
betv.een organisms which adept to & very specific environmentai niche
end thos', which achieve a more generai ievei of adaptation. The niche
edapted organism is very uniikely to survive {f his 2nvironment is
changed in the ieast biy, while the more generally adapted organism is
able to toleiste fairly wide environmental changes.
Many social scientists have thought it might prove helpful to view
¥ social phenomena from the perspective of adeptive behavior. Recentiy
\ several students of forelgn policy have suggested that the biologist's
' conception of an adeptive .ystem could be useful in analyzing foreign
policy behaviors. That is, the hope seems to be In that there is some
theory of adeptive biological systems, T', which has & model, M'. which
is isomorphic tc & modei, My, for & theory of national foreign tehavior,
T,. if My end M, ere isomorphic, then by the law of daduction (Terski,

. 1965:125) the aalsting of propositions of T, can be translated into

propositions of v,, the :heory of foreign policy behavior. As an almost




trivial example, the sentence of T (the biological theory) which read
A niche adepted organism whose environment is changed will fail to
survive' might become in T2 {tia foreign policy theory) 'A national
system which has achieved a high degree of accurate foreign policy re-
sponse of election for only a very specific international environment ,
will fail to survive in a changed internstional environmen'.”"' As
evidence for the proposition in T‘. the biologist might point to the
rapidly disappearing "idley turtle (whose nesting beaches are being
altered) while as evidence for the proposition in T2, the political
scientist might look at the Greek city-states. This hope comes through

fairly clearly in the work of severzl political scientists. For example,

T = g

Rosenau (1967) sees the outstanding characteristic of adaptation theory
as being its focus on the interaction between system and environment.
""The subject matter of the foreign policy analyst is distinctive be-
cause ..!s prime focus is the association between variations in the national
actor and variations in its environment.'" Since 1967 Rosenau has done
conziderable work to de'elop his adaptation paradigm. McGowen (1970) has
taken :ome of these notions and attempted to formalize tihem in a mathe=
maticai theory from which some of the consequences of adaptation theory
can be examined empiricaliy,

Perhaps the best way to explicate the Rosenau-McGowan approsch is
to quote at some length from McGowan (1970):

In his most recent elaboration of the adaptation paradigm

Rosenau argues as follows: First: ‘considerable insight'

can be gained from viewing national societies, like » cell
or an organism, 'as entities that must adapt to the:r environ=-




ments tu survive and prosper. That is, If an entlty is to
maintain the boundaries that sepsrate it from other entittes,
it must act toward the other entities in such a way to

< keep its essential structures intact (Rosenau, 1970,
P. 2).' 3econd, for national societies, 'adaptation means
tyat fluctustions in the basic interaction patterns that
- sustain its social, economic, and poiitical life must be

kept withln limits minimally acceptable to its members
(Rosenau, 1970, p. 2).' Third, since there can be consid-
erable disagreement over what are acceptable limits of
varlation in the performance of a society’'s economy or
polity, the polities of national adaptation s infused with
'an intensity and drama unknown to other entities’ and
processes (Rosenau, 1970, p. 2). Fourth, the performance
of essential socletal structures is conditioned by external
change, internal socletal change, and the socliety's
response to these two stimull (Rosenau, 1970, p. 2). Ard
fifth, given that any society’'s external envlronment is a
baslc source of variation in its essentlal structures,

'"the need for foreign policy arises...out of the fact that
the essential structures cannot be kept within acceptable
limits unless some kind of behavior is undertaken toward
the environment (Rosenau, 1970, p. 3).

P - -

As Rosenau has polnted out, there is interest in the interactions
a national political actor and its environment; that is, with the mation
and its international environment. In terms of the familiar black box

diagram of Figure 1, it would look like this:

nation
J \ S Y _\ . <nvironment
’ )
lnput stote output
Figure 1|

to have a system, however, nore information must Le provided than is
contained in Figure 1. There must be a specificatlon of the slements:

which comprise the system. In the case of a national political system, this
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this is cleariy no easy task and is one to which many social scientists

have devoted much of their attention. Both Rosenau and McGowan

recognize r'.i» problem and attempt to answer !t by pcsiting essential
e societa)l structures, Rosensu (1970) suggests four such structures:

(i) '"...the patterns whereby the life and property of societies
are preserved and protected..."

(2) "...the patterns whereby...their policy decisions (are)
made and implemented..."

(3) '"...the patterns whereby,...their goals and services {zre)
acquired and distributed..."

(k) "...the patterns whereby...their members' cooperation
(is) achieved and maintained..."

McGowan (1970) identifles five essential structures:

(1) The boundary of the society

(2) The society's economic system
(3) The polity of the soclety

(4) The ryltyre of the soclety
(5) The integrative system of the soclety

il s Al | ekl et

Both writers argue that any forelgn policy that fails to keep
these structures within acceptable limlits is maladaptive. Unfortunately,
neither of the two sets of essential stiuctures is defined in such a way
that makes their measurement clear. [ndeed, in icGowan's cose the essen
tlal structures are analytic properties of any existing rational system,
Thus, as variables they are either present or not present, and if any

are not present, the system by definition no longer "exists." A
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foreign poiicy which results in any of the essential structures not
peing present is termed maladeptive. This of course is equivalent to
saying that any foreign policy which results in the destriction of _
nation-state is maiadaptive.

There is nothing wrong with this from the vantage of generai adap-
tation tneory; however, trom the standpoint of poiitical theory McGowan's
nction of acceptable limits is far too broad. For example, how should
United States' involveeni in Indochina be distinguished from her heip
in rebuiiding Europe af:er World War 117 The impacts of these two
policies on the U.S. politizai system were very different; yet, in
McGowan's sense, both are adaptive because neither resulted in the
downfali of the United States, it would seem that any conception of
the elements of the system ought be capable of reflecting these dif-
ferent impacts.

Rosenau is not so specific as McGowan on what ranges \iis essential
structures can tolerate. He does suggest that the overall adaptation
of a society can be measursd by its least weil adapted structure &s
weil as how some o° those structures might be measured. Rosenau argues
that the structures can take on values over a fairiy wide range. An
example is the political structure. Here Rosenau focuses upon how nvich
control & nationai system has over its own policies. As this control
decreases, says Rosenau, so do the boundaries between “he national and
international systems begin to merge. Policies which result in decreasing

this control are ‘ess adaptive than those which do not.

s N ARSI AR S— .
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The problem with this sort of notion is-that without carefully

stating the "'acceptable limits,” it is impossible to iabel the resuits

of a given policy "adeptive.' For exampie, was the Egyptian reliance

upon Soviet military assistance adaptive for Egypt or not?
Apart from the empirical p.nblem of measurement and the conceptual
problem of specifying limits, a further conceptuai problem has arisen.
in the preceding discussion ''adaptive’ has been used in two ways. First,
mention was made of an adaptive political system, Second, certain
foreign policy behaviors were said to be adaptive or maladaptive. Al-
though at first glance these uses may appear the same, they are not.
An adeptive system may at times behave maladeptively. This distinction
will become more clear as some of the concepts of adaptation theory are
defined more rigorously; for the present an example will have to sufiice.
Some psychologists view .earning as an adaptive process. That is,
people learn in order to reduce certain basic drives (Hu!), 1943).
Learning, however, does not generally take place all at once; errors
are made along the way. Some of these errors may, in fact, increase
the drives rather than reduce them. In fact, no matter what limits are
put on drive levels, there can always exist an error which might increase
drives beyond these limits, lhat is, even though the learning system
Is conceptualized as being adaptive, it may still behave maladaptively.
The distinction just illustrated unfortunstely does not seem to be
consistently made by McGowan, Yet it is of importance to how the

structures generating foreign policy are corceptualized. For it Is
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required that the foreign poiicies of a netion always be adeptive if the
nation is to continue to exist (as McGowan seems to), something very
much different is beino sald than simply to say foreign policy behaviors

result from adeptive systems.

Already it seems the [imits of the common sense vocabulery assoc-

ciated with adaptation theory have been reached. in order to go further
the vocabuiary must be deveioped more rigorously.

Taking the adaptation view seriousiy requires ~,ing beyond a simple
common sense intuitive understanding of what is meant by the terms in-
voived, A useful way of accomplishing this is to first introduce some
basic systems concepts and then move to an expiication of Simon's (1969)
notion of an "artificial'' system. As wili be seer, the artificlei system's
framework fits in very nicely with Rosenau's emphasis upon the relation

between the national actor and its environment,




Section 11: ODaslic Systems Concepts

A government can & viewed as a system attempting to ac:!.ve goals

in two linked environments=-the government's national system and the
s international system., This view of government as a goal seeker |mme-

diately suggests some sort of cybernetic epproach to the study of
foreign policy. Great cere, however, must be exercised In how cybernetics
is applied to avoid concentrating upon 8 ''conventivnal'' sort of equilib-
rium ("equilibrium will be defined more rigorously vurther on) and ignoring the
dynamic characteristics of national adeptation,

The reason the adoption of & cybernetics approach so often leads
to conventional equilibrium type analysls is that much of the work In
cybernetics has dealt with what are known variously as negatlve feed-
back or deviation counteracting systems. The essential attribute of
these systems is that, when disturbed, they behave in such a way as to
minimize the effect of the disturbence. An example of a negative fuea-
back system Is the position that If you increase the Income of lower
class persons, they will only have more children and, as a result, their
overall economic position will not be changed. The foilowing directed

signed graph illustraies this bellef structure:

. Economic Position
/ s

Number of Children

Figure 2
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The positive arrow linking economic position with number of children indi-
cates that an increeze in a family's economic position will res:lIt in
increasing the number of their children. The negative arrow designates

. that an increase in the number of ~hildren will decrease the overall
economic position of the family. The arrow leading back to ''economic

' position'' has a minus sign, hence the name negative feedback syster.

PRSI, S S ——— R R——— T

Systems such as that in Flgure 2 will generally tend tovard en equilib-
rium state. The equilibrium values will depend upon the initiel values
8w the size of the disturbance.

A graph such as Figure 2 may be termed a non=numerical structure.
It is non-numerical in that the correspondence between the empirical
referents (economic position and number of children) and the objects in
the structure (the directed sign graph) preserve order relations but
not magnitudes. Nothing is said sbout how magy wore children should
accompany an increase of x dollars in income. it does, however, tell
whether increasing income augments or inhibits the number of children
in the family.

Even a casusl glance at the cybernetics literature will reveal that
much of the work is directed toward the analysis and design of highly
sophisticated negative feudLack mechanisms. iIn cybernetics, feedback
is often used to indicats the discrepency between the intended results

' ’ and actual results of a given behavior. Generally the desire is to mini-

mize the difference between intent and action and, as a result, an

emphasis is placed upon the design of negative feedback systems.




Many aspects of social phencrenon, suc! as crowth and patterned
adaptive change, howeer, may often best e viewed as pusitive feedbac!.
mechanisms. The discussion by Coombs, et ai. (197C) of the relatlon be-
tween the quality of faculty !n an academic lustitution and t.e gual Ity
of graduate students i, that Instituiion Is illustrative of this polnt.

Hich quality raclty attracts hich quality rraduate students who in

turn attract more hi¢. quality faculty. Or:

,I Quality of Faculty ,
{

+{ =

'Quallty of Graduate Students

Figure 3
Flgure 3 provides an example of a positive feedbeck structure. As can
be seen, positive feedback 1oops augment Initial disturbances.
Since the differe.ces between positive and negative feedback systems
are of some importance, it will be wortiwi.ile to develop & numerical
thecry of the system siiown In fioure 2, For economic position (E) and

number Of children (C), the follow'no differe.ce equations can be written with the

subscript referring to t.e time Increment involved:

if and only I1f E
t-1 t-2

-E ) if and only if E YE
I t-2 t-l- t-2




Here equations (1) and (2) tell thet increasing a family's economic posi-

tion one unit at time t will result in increasing the (wmber of their

children by one at time t + i. Table | shows the results for four time
™ periods of a family which begins with no chlidren and whose economic

position goes from | at time | to t at time t,

Table |
L £ £
1 1 0
2 2 0
3 2 i
L 1 i
5 i i

By time 4 the system has reached an equilibrium position of € = | and
C= 1. Suppose now at time 6 a policy Is instituted giving the family

an increase in economic position to 3 (E = 3). Table 2 gives the results:

Table 2
s E &
6 3 i
7 3 3
8 i 3
9 i 5

The purpcse of the exanmple is not, of course, to ciaim that increasing
8 family's economic position by two units in one time perlod will result
in their having twins the next period. Rather, the example was intended

to demonstrate the over-time behavior exhibited by negative feedback

systems and to show that attempis to look at political systems as negative

feedback systems will often lead to viewing them in rerms of their

equilibrium positions,



12,

The cldirm .cas made earlier that_a governmont could be viewed as 2
component of an artificizl system attempting to achieve goals in two
linked environments. In order to explicate this, it will be necessary
to discuss in some detall concepts such as system, gosls, gosl achieve-
ment, environments, and the wa:'s in which environments car. be 1jnkec.
nce these concepts are wel! understood, a framework can be built from
which to view politicei adaptation and change. At first, the discussion
of empirically '"'empty' concepts mey seem a rather sterile exercise; how=
ever, unless the basic stro-t:; al and menipulative concepts are well In
mind, the empirical interpretation which follows will be difficult, If
not impossible, to evaluate.

A system may be defined as a set of objects together with the
relations defined upon them, Thus a system is identical to & mathe-
matical structure. The object Is the basic building block of the system,
Figure 2 describes a two object, two relation system, Thc objects are
economic position (E) and number of children C) and the relations are
augmentation from E to C and inhibition from C to €. If the aucmenta=

tion relation is denoted as R+ aad the Inhibition relations as R, the

system (mathematical structure) gF Figure 2 looks &s follows:

S: (E.C;E&ﬁ.c&ﬁ)
Note the objects of S are listed first and then the relations cobtaining
between them. §

Consider now a system described by equations (1) and (2)¥.

S*: C Eps Cpi ERYC, CREE >
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The state of the system at a point in time Is simply the value of
each object in the systum at that pcint. Thus from Tablis 2, the state of
5% at time 6 is (E=3, C= 1),

Most phenomenn sre not completely closed oft from other ptienomena;
that is, there are inrteractions among jshenomena. WYhen a syston is
abstracted from such a phanomenon, it is gener..iy ce'led an open system,
reflecting thae fect that the system receives some sorts of inputs from
the outside. Most all systems not only receive inputs, but they also
have some way ot sending outputs to the outside. This type of open
system is the one depicted in the ''block box'' diagram of Figure 1,

Here system 3 recelves input u and sends output y. That which Is external
to the system is often called the system's env’.orment.

A question of considerable interest to systems theorists Is
whether the system has an equilibrium point and, if it has, if the
squilibrium is stable. A system state Is said to be an equilibrium
stote If it Is a state from which the system does not move unless it
recelves some external shock from its environment. Environmental
shock here refers to some change in the env. ronment which does not result
from a chanje in the system. If a shock moves the system away from its
equilibrium state and the system aventually moves back to equilibrium,
then the equilibrium Is said to be a stable cne., A distinction is
often mada between two sorts of stability, The first is called asymptotic

stability, Hore if the shock does not move the system outside of some

region about the equilibrium point, the system will return to equilibrium,




This region is referred to as the region of asymptotic stability, On
the other hand, 't mcy be that no matter where the system is moved,
it will return to tie equilibrium state. This property is called global
stability. A system which is globably stable has its entire state space
as a ragion of asymptotic stabillty.
Oftentimes because of measurement problems or a lack of conceptual
3 precision it is impossibla to determine whether or not a system is
: 'really' in the sams state. To help avoid these problems the definition
: of an equilibrium state can be relaxed by allowing each clement & slight
bit of variation resulting in @ zone of equillibrium, Each state in
this zone is not exactly the same as every other but they are, in o
strictly defined sense, very close. As long as the system is In a
state contained in thls zone, it can be said to be in an equilibrium
state.
An example might make this more clear. Imagine 2 system obstructed
from a human belng composed of his body temerature, pulse, and respira=
tion rate. The system can then be th.ught of as @ triple {t, P, R).
A person whose tenperature is 98.6, pulse is 100 beats per minute, and
respiration rate is 15 breaths per minute can be represented by (98.6,
100, 155 . After making many observetions it is noted that all three

of these variables normally fluctuate a bit but tend to remain within

cartain limits. Suppose these limits are as follows:




Variables Normal Range
T 97 G - 99.4
P 85 - 115§
R 12 - 13

By appropriately defining a zone of equilibrium, the system T, P, R
can be sald to be at equilibrium as long as each element Is somewhere
in its normal range,

After watching human beings a whiie longer, it might be decided to
add a few more clements to the system: say blocd pressure (B), output
of the sweat glands (S), and behavioral activation level (A). If the
states of this new system (T, P, R, S, B, A,, were measured and recorded
at closel, spaced Intervals and over a long period of time, it might be
noted that whenever one of the variables moved outside of its normal
limits, others would also move and the system would event:ally return
to equilibrium, Thus, for example, If the body temperature were to
rise, the sweat glands might increase their output, cool off the body
and the system would move back to its equiilibrium region. in generai,

the cystem remains at equilibrium and the equllibrium (s a stable one.

The sequence of outputs generated by a system is called its behavior.
A goal or objective for a numerical system is a speci!fication of the
se! of desired system states. In the example, a goo! might be any
System state where T Is between 97.0 and 5,4, C5¢P< 115, and

122R $18. The terms goal and objective will be used interchangeably,
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It is important to recali that from the way system has been defined—

a set of objects together with the relatiuns defineu upon thes-=it would

ove meaningless to *alk about st-uctureless systems. What is viewed as

structure and what is not is, of course, dcpendent upon how *he system

of study is concaptualized. For example, Toda and Shuford (1965) ast:

'Mhen one cuts his finger with a knife, quite ¢ number of tissue cells
are ruined. Does this mean a change in the structure of this person?"’
The answer to their question is yes and no. If the objects of the
perso:w are said to be cells, thon clearly there {s a structure change.
However, if the objects are more macroscopic body parts such as fingers,
then cutting the finger simpiy changesthe fingsr's state but dnes not
change the structure of the -ystem, A system is a mathematical structure
and its eiements and relaticnz must be specified precisely If it is to
he discussed moaningfully, ’
As will be shown, clear system specification is of crucial impor-
tance to anyone doing empirical comparative research., First, however,
one more concept--that of a parameter--needs to be introduced at this ] .
point. Given a system, any element not included in it is a parameter, ’

Some parameters may have no effect upon o system, others may havo an effect

only under certain conditions, and still others may have a very direct
effect at all times. A more precise understanding of what is meart by
a parameter should come from :lve oxampie about to be presented.

Brunner (1970) provides a very nice discussion of some of the prob-

lems :nvolved in do ng comparative research when the systems involved

are not well specified.




The theory used in this exsnple witt b~ sne based upor Samualson
(1939). The objects in the system being theorized avout are:

S = overail satisfoction leval of the people in a jiven nation
at time t

Pt = performance of the private sector of the nation at time *.

Gt = performance of the government of the nation at time t

o i e i A A el
"

These objects (varisbles) can ba related as follows:

G) P, =W,

(%) G, - B(Pt - 't-l)

(5) St =P +G wharexand B > 0
(3) states that privete sector performence will be proportional to the
preceding period's level of oversl) satisfaction. Equation (4) tells
that government performence will be proportional to the change in private
sector performance from this period to the preceding period. Finally,
(5) is a simple accounting equation defining overall sutisfaction to
be the sum of government performance and private sector performance.
Throughout this anslysis it will be assured that S, P, and G are measured
in comparable units.

Figure 4 Illustrates the siructure of this set of equations. The

single arrows signify no time advance and the double arrows indicate

a time advence of one unit.




Figure &4
The state variables of the structure are G, P, and S and the relations
among these <*ate variables are depicted in Figure 4. The paraetors
which directly offect the structure of Flg:re 3 areJ’, B, asnd t. They

are not inclucad In *he structural diagram of the equations.

Imagine four naifonui systems (N, Ny, Ny, N“) each of which is

described by equations (3) = (5) but differ in their values of the

paramtersX and B, In Nl.O(- .8;.and B = 1.5; In 12, Y= 8 and 8 = 3,0; in
Ny, /.= .5 and B = 0; ond in N,, <%= .5 and B = 1,0, The initial value
(t = 1) of Pand G is O in all four systems and the initial vaiue
(t=1) of Sis 1 in all the systems. Equations 3, &4, and 5 can be
programmed on & computar and by substituting the appropriate salues for

and B, the states of each system for different values of t sen be
generated. Figure 52 shows the results of these runs.

As can be seen, each system exhibits very different behavior, The

elemente (n N3 and Ny, all go to an equilibrium state of <0, 0, O ;
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though those in N3 appr. ~cn it directly while those in N“ oscilliate to
it The elemsnts of N| svi.., through increasing osciiiations and those
in N increase at a very rapid rate. These extremely uiverse behaviors
may be thought of as resulting from the same system, Would a political
scientist analyzing the data in Figure 5 with conventional linear
techniques recognize that each nation's behavior was generated by the
same structure?

Brunnzr (1970) demonstrates very convincingly that the data ’
analysis strategies presently employed by most political scientis'.s
(such as conventional regression anaiysis) will usually not reveal the
underlying structure of the system, Thls will generally be the case
whether the systems are snalyzed cross-nationally at a point in time
or individually as a time series. (See Brunner, 1970, pp. 6-7, for
a more conplete treatment of these data analysis problems.)

As consicered thus far, this example illustrates several linportant
problems facing political analysts. First, there is the very bread
data analysis problem. To what extent can data--even time series data--
be used to identify the basic structure of a model for a theory of
national behavior? Since most analysis strategies cannot be uied to
distinguish between structure and parometers, it is the responsibility
of the analyst to impose a basic structure on his observations prior to
doing statistical manipulations. As Cain and Watts (1970, p. 229)

point out, 'Without a theoretical framework to provide order and a

rationale for the large numbers of variablss, we have no way of inter-
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preting the statistical results.'" Regression snalysis is properly used
to estimate populatlon parameters only when the structure of the model

elements are already specified. This specification of structure must

precede the application of parameter estimation techniques.

A second problem is the very subtle distinction between structural
differencas and state diffarences, The varlous behavliors of the four
inaginary natlons &'l resulted from the same baslc structure. In
positing systems it 's this structure which must be isolated, and, In
dolng so, care must be exercised not to assume fallaciously that because
two natlons pass through very different states (e.g., exhiblt very
different behaviors) they must be modeled by different structures, It
may, of course, be that dlfferent structures are approprlate, but this
will not pecessarily be the case.

With the structure of Figure 4 and cthe parameter values specifled
In Flgure 5, It has been shown that the same structure can result In
very different ovcr-;lmn tehavior, Suppose now the theory is changed A
by making equatica (5) read:

(5') S, = P,
Equation (5') asserts that overall satlisfaction will simply be equal

to private sector performance and that the government performance has

W e Bl Dy R mm———

no effect upon satisfactlon, The result of this structural change Is

to push the four elements of N'. N, N3. and Nb to an equllibrium

positlon of {0, 0, 0 . The over-time behaviors of each of these i

systems can be seen in Flgure 5b. Though all four systems end up in ;
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the same state, thelr behavior paths in getting there are again different.
In this case, the theory change did not affect the equilibrium positions
of N3. and N, even though it did affect the sequence of states N,
passed through in getting to equlilibrium, Changing the theory with
equat lon (5') demonstrates how Inadequate a charscterization of :ystem
behavior Is the conventional concept of equilibrium. Simply knowing

that two systems have the same equilibrium polnt gives very 1i tle infor=-
mat ion about whether they are isomorptic. N3. it will be rece:led,
behaved exactly the same before and after the structure change. The
systems in Flgure 5a were isomorphic yet two went to equilibrium ond

two did not.

Further, interest will often be centered upon what states a system
passes through in getting to equilibrium, A given policy (sequence of
outputs of the 1,E,), for example, which would move the overall system
to a desired equilibrium point might be rejected If It wes known that
getting to that point entaiied the system's going through some highly
undesirable states. Specifically, while equations (5) and (5') will
be behaviorally indistinguishable when G (or;‘;’) is equal to zero, very
different policles will be recommended if the level of satisfaction is
a function of the government's performance (olthough observed government
performance is equal to zero) than if satisfactlon is unrelated to

government performance.




Section 1li: Artificial Systems and Adaptive Systems

Having defined & system, it is possible to move to & discussion of

a specific sub-class of systems--artificial systems. While the distinc~

‘tion between "artificial' and '"natural'’ systems is not always clear,

the basic idea is that artificial systems are directed to human goals

whereas natural ones mey not bs. Simon (1969, pp. 5, 6) suggests four

criteria for separating the artificial from .he natural:

2.

3.

Artificial things are synthesized (though not always or
usually with full forethought) by man.

Artificial things may imitate appearances in naturai .
things while lecking, in one or many respects, the
reality of the latter.

Artificial things may be characterized in terms of
funct lons, goals, adeptation.

Artificlel things are often discussed, particularly when
they are being designed, in terms of imperatives as weil
as descriptives."

Thus, for example, a forest would be & natural system while & farm would

be an artificial system,

We can talk about artificial systems as having an inner environment

(1.E.) attempting to achieve some goal(s) in an outer environment (O.E.).

The hookup tatween the |.E. and tha O,E, is called the interface.

Bai ley

and Holt (1971) break the interface into two parts and put the i.E,

and 0.€E, into a control theoretic structure as in the following figure:




{nner Environment
(Controller)

R T

Access image of 0.E. ' Observat ion
interface interfuce

Outer Environment
(Process)

Figure 6
Figure 6 is very general, but does i1lustrate the additional structure
common to all artificial systems,

The easiest way to describe the scope of this diagram is through a

very simple example. Let the inner environment (:.E.) be @ country's

government and the outer environment (0.E.) be the economic systen of
that country. Suppose further that the government's goal is to remain
in power and that It "'believes'’ it cen do so only by keeping the economic
system in a certain specified sat of acceptable states. The state of
the 0.E. is represented by the vector X and might include such things
as each cltizen's income, all sales transactions, and other such
elements.

The government must have some way of observing x so that it can
know whether the economy is in an ac:eptable state and yet it could not

observe sach and every sales transaction, etc. directly nor, even if it
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could get It, would it be able to process the information. The problem
of observing the 0.E. is represented in Figure 6 by the observation
interface. The obsarvation interfaca may be thought of as the i.E.'s
sensing device in the 0.E. in the case of our example, the government
might set up varlous sgencies to collect economic data. Since, in this
exampla, x would contain way too much information, the I.E. incorporates
inco the observation interfece an indicator system. Thus instesd of
keving x as an input, the I.E. receives y. The vector y might include -
such Indicators as GNP and unemployment rates. In some cases Yy and x
will be equivalent. Most often, however, this will not be the case and
it is Important that the notation reflect this possible distinction.
Upon recelving y, the i.E. must evaluate It to determine what
sort of policy is indicated. This evaluation may be thought of as taking
place in the 1.E."'s image of the 0.E. In our example the image might
consist of a Walrasien equilibrium mode! of the economy. Generally,
this imsge will, at least in part, contain *he elements of Y. In
this way y can be used to set the ''state'' of the image and verious
policy alternatives (fi) can be put into the image to assess their
differential Impects (§). Generally the § producing the most desired
Y value will bs chosen as the value of y to send Into the 0.E. The
elements of the y vector, to have any impact, must have some way of
getting into the 0.E.; that Is, the 1,E, must have some access inter-

face which is capable of implementing u in the 0.C. Fiscal and mone-

tary policy serve as accesses for the government in the exampie we

o
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have been discussing. The preceding rather crude illustration suggests
the high degree of inter-relation between the verious alements--goals,
t.E., 0.E,, imege, and interfaces~-of artificial systems.

With these concepts it is possible to explicete what iz meant by
an adaptive system, Before proceeding to the definition, however, it
should bu made clear that there is no ''generally accepted' definition |
of an sdeptive sysiem, indeed there are many competing definitions which
are inconsistent with ssch other. This fact does not imply that most
or even some of these definitions a.e ''wrong.' It simply mesns that no
definition has been put f~rward which wes so persuasive as to induce
the abandonment of all other competing Jdefinltions.

An adeptive system can be defined as any system which generates

outputs in such a wey as to seek to maintain state variables within

certain limits, Adaptive systems are goal-seeking systems. The goal Is |
expressed in toras of dusired values of state variables. Such systems

may or may not have e;ulllbrlua states. In investigating adeptive

systems, the analyst is concerned with the goals of the systemi how, !
If at all, goals can be modified; how outputs are judged as successes

or feilures; the mechanism through which Information about the environ-
ment and pest system states Is transformed into outputs; and other such
questions.,

Murphy (1965) hes identified several properties of all adeptive

systems whether they be sociai, biologlical, physicai, or engineering:

(1) At any point In time the system can move off in any one
of & number of dlirections.
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(2) Any of these moves will be followed by a change in the
system and perhaps in the environmert. These changes
become a part of the historical recurd of the system,
(3) Every adeptive system must have some -ort of decision-
making functlon, On the basis of the historicai record
end an evaluation of the effect of each action on the
present and futura states of the system, ths decision-
making function coses one of the alternative actions.
(4) Following the taking of an action, the system may or
may not arnieve the anticipated results. Uncertainties
in the environment or the effect of the action may
cause the system to move in a direction which was unin=
tended.
(5) if the result was unfortunate, there is no recourse.
The only corrective measure is to reestablish the
above sequence of events all over again.
Clearly, then a simple ''black box'' system is not enough to ilius-
trate rn adaptive system. Several components must be in the black
box before it can be labelad adaptive. First, the system must have con=
tained some sortrof internal clock so that it can sort out and act »oon
inputs coming at various times, This clock may not be the familiar
sideret! one measuring time continuously and in constant intervals.
The ‘time' measured by the clock is an important problem, For if the
dynamic aspects of adeptive (ormai-edeptive) change are to be studied,
the analyst must have in mind 2 well-understood view of time,
The enalysis of time presented here will follow very closely that
of T. Windeknecht (1971). At first this may appear neediessly abstract,

Hopefully, howsver, the abstraction will prove of help in examining

\ political adaptation and change.
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A set T together with a functian + which maps the cartesian product

TxTinto TCT x T-:Tf which satisfies the aszsocietive axiom:
t+(t'+t")a(t+t')+
for all t, t', t" belonging to T is kncwn as a gemigroup. A semigroup
with an element 0 belonging to T such that:
t+0=0+1¢

for &l) t belonging to T is a monold.

Given @ monoid T, left division over T is the relationon T

such that:

ettt () s e"do et ae 4t (eC)

<s:::>, == ""if and only if"
J (3 = "There exists an X such that"
N = ''snd"
€ = belongs to
The ieft division relation asser's & simple ordering over the elements

of T.

A time set is then defined as a m0id T with the following three

properties:

(1) (Aty) (at,) (t,=0vt,=0) A t, sttt e (t|.t26T)

(i1) t, +t-t+t2<_—_>>ti-t2
(i) t, +t-0_>t' =0

where
v = 'or"

=> = "implies"




30,
Two sets which meet the deftnitia of a tipy; sat are the set of

! 1 . nonnegat ive real numbers (e.g.. !, 2.5, 3.4) and the set of nonnegative
i ‘ integers (e.g., 1, 2, 3,...). In both cases the identity element is 0
and the left division relation is that of less than (£) on the positive
numbers.
F ; Why, it might be asked, is there a need to be so formal and abstract
' in talking sbout time; after all, does not everyone know what time is?
: There are several reasons for teking & formel apprcech. First, as may
have been noticed, & time sai is & system, Examples have already been
s given of problems which can arise when the elements and relations of
8 system are not carefully defined. Since time is such an important
concapt, care must bo exercised not to fall unkmowingly into traps
simply by being careless in defining tims, Second, work by Arbib (1966)
and Belien 20d Nolt $JS11) suggests that control theory and automsta
theory are to work together in the same structurs, time muit be viewed
' es an orderei monoid rather than an ordered group. (for an example,
see Windeknecht, (1971), p. 61.}
Further, looking at time abstractly enables getting outside of
the idea cf time necessarily being measured in seconds, minutes, hours,
days, years, and other si. '™ units. The way time has been defined hure,
it is essentallly an ordering concept in thet it gives a vay to 'tag"
different observations in a meaningful way, Albert Einstein wrote of

time (quoted in Barnett (1948, p. 47, 63): ''The experiences of ' .

individual asppear to us arranged in 8 series of events; in thi, series
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the single events whizh we remember appear to be ordered according to
the criterion of 'earlier’ and 'later’. There exists, therefore, for
the individual, an t-time, or subjective time. This in itself Is not
measurable. | (Einsteln) can, indeed, assoclate numbers with events, in
such a way that a greater number is associated with the later event

then with an earlier one. This association | can define by means of a
clock by comparing the order of events furnished by the clock with the
order of the given series of events. We understand by a clock something
which provides a series of events which can be counted,..every reference
body (or coordinate system) has its own particular time; unless we are
told the reference body to which the statement of time refers, there Is
no meaning in a statement of the time of an event.' Earlier, Gunn
(1929) argued that a major problem in physics was the confusion between
physical time, mathematical time, and clock time. More recently, *
Ornstein (1969) claims that modern psychology has been held back by
confusing experential time, clock time and biological time.

A problem for the student of politics is to develop a concept of
tine which is, in some as yet not well-defined sense, consistent with
the phenomenon he Is studying. It must be emphasized that there is no
8 priori reason why this conception should be the everyday calendar
time generally used by political scientists. Several examples may help
to illustrate this point. In the Unlted States elections for the Hause

of Representatives are held every two ycars. Great Britein, on the

other hand, elects 'ts House of Commons at least every five years or




-

32,

whenever it is dissolved by the Prime Minister. 1f the presence or
absence of U.S. Congressional alections and British Parliamentary
electlons were plotted against calendar time, it might ba conzluded

that in the U.S. elections are held very regulerly while in Britein they
are not. This conclusion would be warranted if by ''regular'’ was meant

something like ''evenly spaced in calendar time,'" For the purpose of

doing comparative resesrch, however, this may not be a desirable sense "of"

"regular'' to use. Instead regular might be used in & more general
manner to mean “‘evenly spaced in 8 system with reference to that
system's clock,"

This formal analysis of time served to suggest the minimum structure
thought to be necessary to & time concept. A question which requires
much additional thought is that of how to add substance .o this struc-
ture in such a way as to have a time concept which seems to tie in
with political phenomena. This is especially important I n~making
inferencas to the structures of the models of nations from observations
on variables ordered by calendar time. An explicit conception of time
must be an aspect of the theory which suggested the observations or
els> tirere will be no eppropriate means of ordering these observation.

independent of the specific conception of time which is eventually
adopted, a dynamic system can be defined as one which is directly
parsmeterized by time, The government Latisfaction' theory discussed
earlier is en example of a dynamic system, By 'directly parameterized'
it is roughly meant that the value of the time parameter affects directly

the values of the system elements.
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If, as was suggested earlier, many social processes are growth
Processes best modeled by positive feedback systems, then this together
with a concept of time sugossts that the kinds of stability notions
which hava been so usaful in anslyzing dynamic physical systems may have
very limitad applications in the study of the dynamics of political
adaptation. The bast known exsapie of a steble dynamic physical system
is a marble in a bowl. When perturbed (within certain limits) the
marble will return to its position at the bottom of the bowi. However,
political systems may well not ba best studiad in terms of this notion
of 'point stability."” What may be requirad is a higher order.notion
of stability. A biologist, C. H. Waddington, (1957, p. 32) his suggasted
the concept of chreod to refer to a trajectory in a system's state space
which acts as an attractor to other trajectorias. The notion of chreod
may be illustrated as follows.

Imagine a larga area of land containing several rivers and having

all the land belonging to one or another river basin. This arri.ngement

“w e

e e o

is shown in Figure 7. The idea of a river basin entails that water
falling into basin 1 will, in most casas, eventuaily end up in river |
and so on for basins and rivers 2 and 3. Once the water gets into @
given river bed it will flow the path of tha river. The only wey for
water from one basin to gat into the river of another is through some
unusual outside force such as its being carried in a pail or diverted

through a canal. For weter in basin |, river bed | is a chreod,

River bede 2 and 3 are chreods for water in river basins 2 and 3.
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Figure 7

in a loose sense, 8 chreod is a higher order stability wherein it
is the path about which the system is stabie rather than a specific
point. Chroods are essentially “"developmental pattways'' for the system
of study. Most of the formal work which has been done in this area Is
by the French topologist Rene Thom. Thom (1968, 1970) sees as a funda-
mental problem the explanation of the stability of a temporal (t.e.,
dynamic) structure in terms of the organization of that structure.
This problem can often be resoived by describing the process by 8
chreod,

Certainly Thum's probiem is an important one for the political
sclentist. How can the stability of a dynamic political system be

* ) explained in terms of the organization of the structure of the model

of that system, Note here that stabiiity means correspondence to

the chreod and not lack of violence or point stability.




]

Let us now return to the second of Murphyls-requirements for an
addptive system; that is, the system must have some kind of memory.
This is necessary if the system is to act, in part, on the basis of
its historicel record, lemplied by this is Ashby's requirement that all
adeptive systems b3 feedback systems, Third, the adeptive system must
have a decision rule which can evaluate the past performance and the
present stete to choose among alternative behaviors. Fourth, it must
have some sort of goal or objective., The goal may be viewed as setting
and retaining state veriables within certain lirits.

Hopefully, the notion of &n adaptive system is now cleer.enough
to allow examining how this structure might e generalized to be rele-

vent ta the study of foreign poiicy.
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Section IV: Adaptative Systems and Foreign Policy

Indeed It has already been pointed out that the notion of adapta-
tion is not at all new in political analysis. its emphasis upon goal-
seeking systems meshes nicely with intuitive feelings about political
actors. Politicians behave In a manner which is designed to help them
to meet their goals., Certainly there is no obvious reason a nat .in's
behavior cannot be iooked at in an analogous fashion. Hanrieder (1967)
deflnes foreign policy as '...the more or less coordinstad strategy
with which institutionally deslgnated decision-makers seek to manipu-

late the internatlonal environment.'' Unless the argument is made that

these foreign policy maulpulations are made willy=nilly and without
intended direction, it must be that they are aimed at reaching some
goal,

Cleariy if adeptation theory is to be interpreted as an empirical
theory of foreign policy behavior, the problem of specifying acceptable

limits on measuresble state variables must ha resolved. However, with=

o A et S g

out doing this it is still possibie to make some qualitative statements
about how various sorts of adaptive systems might respond to certain
kinds of environmental chamges by building upon the artificial systems

f1 amework developed earlier. To do this, these constructs must be

-

Interpreted in a way helpful to the studeat of politics. For example,
it is not very enlightening to simply relabel an I.E, as the go.ernment

unless there exlists an appropriate vocabulary with which to discuss

governments. '‘ppropriate'’ here rerers to the necessity for the
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vocabulary to fit with both social science resuits end the artificiel
systems framework.
A goal or objective has slready been defined to be e set of desired
system states, Without getting into the empirical problems essociated
with trylng to determine the goais of any particular nation, it is
still possible to make some general statements about how gosls may
be viewed from the vantage of artificiel systems,
in designing policies (sequences of 'u's) to achieve goals in
the 0.E,, the responsible decision-making components of the 1.E, must,
in their image of the O,E., cetegorize the variables end perameters of
the 0.E. as to whether they are manipulable or non-manipulable and
whether they are exogenous or endcgenous:
I. Hanipylsble variables ere those whose values ere directly
controllable by the given 1.E. decision component.
2. Non-Manipyleble varisbles mey vary by functions of other
variables in the models but not directly controlleble
by 1.E. decision component actions. |

3. Exogenous variables effect but are not directly affected
by the other variebles in the O.E,

4., Endogenous variables ere those which may affect other l
varisbles and are effected by other verisbles in the system,

in conceptuslizing these distinctions, the following classifica-

tion table mey be helpful. Endogenous-manipulsble variables cannot
exist since, by definition, endogenous varisbles can only be affected

through exogenous ones.

|
|



Manipulable Non=Manipulable

Generally the

Policy Variables

Often Used as

Performance

Heasures

1

It is inportant that the policy-maker be aware of which 0.E, veri-

ables he is able to_?lroctly manipulate through his policy choices and
which he is not. Yet this distinction is generally overlooked by
behavioral scientists rushing to '‘explain'’ large percentages of variance
with very few varisbles. In constructing theories of the 0.E., decisions
must be made as to which variables ought be included in the theory and
which ought be excluded. These decisions, in turn, suggest devising
measures of variable ''significance."

If the objective of a particular theory i: to persimoniously
describe the "'behavior'' of the 0.E., then a criterion for including
or excluding @ given variable such as "proportion of variance explained"

makes perfectly good sense (assuming, of course, thers are i ndependent
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reasons to believe tie underlylig structure l.as been identified) as a
way of isolating "significant" variables. However, if a coal of the
theory is to enable its user to somehow chancz the behavior of tie 0.E,,
the import of an inclusion criterion such ar “ipercent of variance ex-
plained" may be creatly reduced. It would Le as if an eogregiously
overwelight person were told by his doctor tiat a carefully done empirical
study of Lody weioht showed that height and a‘e are only "'significant"
correlates of body weicit. Based on this '"tleory," it is unl ikely that
anything can be done about !:is overweigit proi.lem (short of perhaps
cutting him off at the nee or adding several feec of leq. (For a more
extended treatment of ti.is topic, see Kanter and Thorson (1972).

Not all variables are equally susceptiile to manipulation by every
component of tie 0.E. One's relation to tie policy process will have au
important effect on partitioning variables according to manipulabiiity,
The proverbial New Yor! taxi driver may well understand which actions
will In#lmcc the arms races, but, for people in his position, few if
any variables are manipulable. Presumably, from the perspective of tie
President, a somewhat larcer number of vailales are controllable. Since
which variables are "important" in a 'policy' theory depend in part
on which variabies are manipulable, the desi-ner of 'policy' theory
should be sensitive to the position of tie tieory's consumer. The

tieory for providing advice to the President w'll be ‘'significantly"

different from the tiwory which ylelds responses appropriate to taxi

drivers.
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A given component of the 1.E. (i.e., 'the government,'' or that
portion of the government which makes for.ign policy decisions) in select-
ing foreign policy aiternatives cen be viiwed as facing decision probiems
with the following elements (adapted from Ackoff, 1962) :

Cl = an n element vector of manipulable variabies

U = a set of values for the non-manipulabie values

-
P
(g]
-e
[ =
e
| ]

the image of the 0.E,; a set of functional relations
between the elements of the O.E,

Vl = the value to the decision maker of implementing alterna-
tive |

P' = m element vector of performance measures affected by
implementation of policy alternative |

g(P') objective function transforming m-performance measures

into (ideally) a scalar to be me~imized or minimized
Xl = j-element vector of policy slternatives, X

With this notation, the following functions can be written:

v, = gle))

P, = f(c,;u)
Moreovzr, the decision problem facing the perticular component of the
1.E. can be defined. Constraints=-be they political, physical, fiscal,
etc.-=rule out some policy alternatives as infeasible. Therefore,
only the reduced set of feasible alternatives Xf need be considered.
An optimal policy, X, cen then be defined as one which satisfies the

fol lowing function (Mesarovic, 1970 and Richardson and Pelsoci, 1971):

X

-

e o Sl
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where R Is generally & relatior such as Z or<, As an illustration,
suppose the goal is to minimize g(P‘). The 1.E. component would then
want to select a policy alternative Q: from x{ such that g(P?) is
less than or equal to g(P) for any other x;.

Oftentimes it is extremely difficult to quantify the elements of
P;. For exsmple, suppose the elements of P‘ include political stability,
economic development, and attitudes toward the U.,S, government. From
a policy makers perspective, the temptation here is ro take the element
most easily quantified (in this case probably economic development)
and attempt to maximize (minimize) it with the hope the others will
follow along. Thus the motto '"hard date drive out soft,' Oftentimes,
however, yielding ‘o this temptation can hsve disastrous long-term
consequences in the case where, over some interval, increases in economic
development lead to a decrease in stability which in turn encourages
hostillity toward the U.S. A policy maker who sismply optimized on
economic development might soon be confronted with a repidly deteriora-
ting situation,

Once Py, C,, and f(C‘.U) are developed, the problem becomes one of
defining the objective function g(Pl). In classical optimization prob-
lems, g(Pl) maps P, (en m~element vector) into a single value (e scaler).

in many economic applications, for example, g(P) is simply the sum of

the dollar cost of the components of P, and the goal is to minimize g(P)
thereby minimizing total cost. However in meny political applications

there does not seem to exlst & single dimension into which the elements
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of PI can be mapped, For example, there is no ciear way to add dollars
and political zrestige., Therefore, instead of facing a scalar optimiza-
tion problen, the political policy maker often faces what has been
termed a voctor maximization problem (Geoffrian, 1968). Satisfactory
>nalytical solutions to most varieties of vector optimization problems
are still non-existant.

Another aspect of the i,E. decision problem can best be viewed in

terms of the concepts developed by Mesarovic, Macko, and Takahara

(1970). One of their concerns is with the designing of controllers

for coupled subsystems, Coupled subsystems may be thought of as those
in which changes in one subsystem may force changes in the other sub-
system. The subsystems are in some way linked. if the 0.E, of a govern-
ment is seen ‘es everything externai to the government, then two sub-
systems of the 0.E. might be the domestic subsystem and the international
subsystem. Since changes in one can, under certain conditions, generate
changes in the other, the two subsystems are coupied. A precise defini-
tion of coupling can be given In terms of properties of the matrices of
coefficients of the subsystems, but in the context of this discussion,
little if anything would bs galned by such precision, Simon end Ando
(1961) provide an interesting formal analysls of some aspects of coupling
for those who would like 8 more rigorous approach,

Suppose, for illustration, that the 0.E, is decomposed into an

international and a domestic subsystem as in Figure 8,
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Figure 8
The 0.E. i3 enclosed by dotted lines, and the lines connecting the two
subsystems represent the coupliing. In designing an i,E, structure to
achieve goals in this O.E,, it is likely that, since international
problems are generally rather different than domestic ones, two ‘''orgeni-
zations' would be buiit into the i.E, These ''organizations'' might be
the Ministry of Domestic Affairs and the Ministry of Foreign Affairs.

Suprose further that the only way either Ministry can affect the sub-

system it is concerned with is by spending political power units.
Lastly, ignoring the interface problem by assuming there is no inter-
face problem and that y is observed directly ond sccurately), results

in what is pictured in Figure 9.
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in the case of the Ministry of Domestic Affairs (HOA), power units (P,)
expended in the domestic sub-system increase domestic setisfaction (S)
according to the equation:

(i) $= Pd - Z\vld.
The Hd tn (i) is the interection term representing the effect of changes
in the international sub=system upon S, it will he specified further
in equation (iii). The Ministry of Foreign Affairs (MFA) ex:hanges
Tts power units (P¢) for national defense (K) according to the following:

(i1) k= 2P, = W

f f

Agein, Hf represents how changes In the international sub-system affect
the domestic sub-system, These interactions are:
(i) wd =S - i/2P,
(1v) W, = K = 1/2P,
Suppose the goal of the i.E. to move the 0,E, to where K= | and S = I,
If Kor $ is smaller than 1, it greatly increases the likelihood the
government will fall out of power while values greater than | would
signify a waste of power units, With this goal in mind, the sub-goals
for the MDA and MFA would iook as follows:
(v) MFA goal: minimize (P% + 2(k=1)2)
(vi) A gosi: minimize (P2 + (s-1)%)
And the overall |.,E, goal then is to minimize the sum of the deviations

from the sub-goals:

2

24 2(k-1)2 + (s-1)2)

(vii) 1.E, goai: minimize (P% + P




Suppose now the 1.E.'s image of the O.E. ignores the coupling
and assumes contrary to equations (i) and (ii) thst the international
and domestic processes are conpletely uncoupled, that is,

(i') S =P, and,

d

(i11') K = ZPf

if the image Is that described by (i') and (ii') above, then it can be

shown that the values of Pd and Pf

with a minimum expenditure are P

which best approach the sub-goal
e i/2 and Pf_ = 4/9, When put into
equation (vii) (which may be thought of as an overail performance

evaluation function), these values of Pd and Pf produce a value for

(vii) of 4.09,

T TS —————— i

An important question then is, how much does ignoring the coupling
cost the I.E.7 It Is at this point that the work of Masarovic, gt al.
becomes relevent, They demonstrate that by putting a controller over
the MDA and ths MFA as in Figure 8 and by taking into account the coupling
this SUPcr'contr?!hr can, through proper coordination of the MDA and
the MFA, increase the overall performance of the 1.E, from 4,09 to

.088 (where the lower the score the better the performance).

Coordination Super Coordination

inputs > Controller( , | inputs
information ~

M
)y 2 2N

Figure 10
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Depending upon the dimens!ons of the power,-gatisfaction, and defense

units, the system cost of ignoring the coupli.g can be very high., Further
examples of this type can be found in Mesarovic, et al. (1970) and :
Bailey and Holt (1971).

This illustration demonstrates once again how interdependent are
goals, 1.E. structures (including the image) and the 0.E. Most all
i.E.'s will have a structure similar to that of Figure 10, that is,
the elements of the 1.E, wili be arranged hierarchically., MHierarchy
here means '',..a system that is composed of interrelated sub-systems,
each of rhe latter being, in turn, hierarchic in structure until we
reach some icwest level of elementary sub-system.' (Simon (1969), p.
87) Mesarovic, et al. (1970, p. 22) suggest some reasons why we find
multi~goal systems so often arranged in a hierarchical fashion:

"...the overall goal of the organization which reflects the ourpose

"G TN S —

¢ : of the organization as a whole is broken down into a sequence of sub-~
goals, so that the so;utlon of the overall goal is replaced by the
solution of the family of sub-goals.'’ T |
However, as has been seen, specialization brings with it the prob-
lem of coordination. If each specialized uaiv is allowed to act inde-

pendently and the various tasks are not completely unccupled, resources

will be used inefficiently and the nation will perform at a much lower
level than It might otherwise. The first step in attempting to solve 1
the cocrdination problem is to place more gencral units over the special=-

ized unlts, thereby permitting the natlon to operate as effectively as
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possible, This is the procedure which was jlHiustrated in the previous
exarple, Figure 8 then represents a two-level, hierarchical structure,
in this diagram the upward arrows refer to information and the down-

- ward arrows to coordination controls. The hierarchical, multilevel
structure greatly reduces the amount of informetion which must be
digested by eny one group. As one moves up in level, the detail of infor-
mation concerning each goal is reduced, thus allowing more goals to be
considered st once. This increase in the number of goals presents
significant problems to the decision makers attempting to implement
them and to evaluate performance in achleving them, in order to
discuss these difficulties, it is necessery to first be more explicit
about some of the other elements in the problem structure.

The 1.E. may be thought of as facing a decision as to what inputs
(u's) it ought to send into the 0.E. to best move or retsin the system
in a desired state, The inputs are chosen by the i.E. on the basis of
its image of the dynamics of the 0.€. The decision problem is then
defined by the goai;. the interfaces, and the image. There are several
Nlis the {.E. can modify its decision problum,

For example, it can change the image so that goals which previously
looked unattainable now look attainable., Or, the 1.E. can modify its
goals in a way to make them attainable given the present image. It
is in this way that goals can become changed or the structure of the

1.E. can tecome modified. Third, it can construct new interfeces

which allow the implementation of policies which previously were not
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feasible. These first two techniques were to soms extent trested in the
previous paragraphs. To deal with the third (interface modification),
the two interfaces must be examined in more detsil,

This requires a laok at how the government is able to put inputs
into the 0.E. and how !t can monitor changes in the 0.E.; that is the
"hook=up’ between the 1.E. and the 0.E. This “hook=up" has already been
divided conceptuslly into two parts-=the access interface and the
observation interface. Both of these interfaces must gensrally be
offoc.tlvo if the 1.E, is to have a good chance of achieving its gosls,

An important component of s nation's observation interface is soms
sort of social indicator system, Here "indicator systen’ is used in a
very gensral sense to denote some set of 0.E. elements whose values are
msasured at various points in time. GNP and unemployment rate might
be two examples of economic indicators. Regime popularity and Inci-
dences of poiitical violence might be several political indicators.

The valuas of these intarface measures are then evaluated by the 1.E,
in terms of its in;::_tq‘nf the 0.E. and in part on the basis of this
evaluaticn new poiicyﬁoutputs ara generated.

Th= imortonce of an ap; o riate observation interface is again
iMlustrei. Ly the U,S, experisnce in Viet Nam. Following a crisis
situatian «u Vet ton {such as Tet), the U.S. response was to intro=-
duce scr viiry changese=generally in the form of Increased military
suppo t ¢ “outh Viet Name Ellgberg (1972) describes the characteristic
Viet Minh and Viet Cong response to incressed U,S. intervention:




"After suffering initial setbacks they wouldr-uc low for an extended

period, gather data, anaiyze experience, develop, test, and adapt new
strategies, then plan and prepare carefully before launching them
(1972, i20)."

The U.S., however, monitered ''anemy'’ strength through its field
commandars who in turn equsted frequency of enemy contact with enemy
strength, If the enemy is strong, the reasoning went, then it wili
fight, If it is quiet, then it must be weak, Based on these reports,
the tendency was alweys for the President to view his poiicy changes
as & ''success'’ which of course led to the periods of optimism and
goal change discussed eariier. However, the U.S, observation inter-
face was bad. Decreased contact did not mean a weakened enemy and,
indeed, the periods of greatest crisis came at the times of highest
U.S. optimism,

If policy outputs are to have any effect upon tiwe 0.E,, the I,E.
must have some way to get them into the 0.E., This Is done through
the access interfacq, A task of the inner ervironment may often be the
building of this inter“ace prior to generating some other set of policy
outputs. Thus a nation desiring to institute soms land tax program based
upon crop yield must first build an observation interface through which
they can fairly accurately monitor crop production, It also must create
some sort of access Interface which will enable it to collect the taxes
due it. Certain kinds of tax programs are often pursued in certain

0.E,'s because, though they may have a slightly lower yleld than other




feasible policies, of the ease of interfacing them with the 0.E, An
example in many U,S., states is the sales tax where the initial collection
is made by aiready existing merchants and the amount coliected is '‘naturally’
controlled by sales volume,
Indeed, it may often be the only way for a government to achleva
its goals is through the construction of new interfaces or the modifi-
cation of old ones. The current controversy over wage=price controls
in the United States may be seen as a8 debate on what access points the

government requlres in the 0.E, if it is to achieve certain social

and economic objectives.

Thus far little attention has been paid to the international
system~=the 0.E.==in which the national system~~the I.E.~~is attempting
to achieve its goals. In light of last chapter's extended discussion
of complexity, a first question might be, '"Is it possible to construct
en i.E. which is cepable of adapting to any 0.E, whatsoever?' Cleariy
if such universal adaptive structures can be shown to exist (in the
mathematical sense of exist), then effort ought to be expended to trans=
late & description of this structurea into political terms.

More speclifically, in political science terms, this question might
be rephrased as ''Is it possibie to construct a government (I.E.) which
is capable of adapting (maintaining state variables within specified
limits) to any foreign or domestic environments (0.E,) it might be

required to deal with?' Since such '""universal governments'' by definition

can adapt to any 0,E,, the existence of such governments would grcaily
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reduce needs to acquire knowledge of specific 0.E.s. However, the next
Theorem (due to Gold (1965, 1971)) will show that such universal adep-
tors are impossible.

To make the probiem simpler to conceptualize (but no less generai),
consider artificial systems whose access interface, observation inter~
face and 0,E., image ¢re perfect. That is to say, that the I.E. can
observe anythino it chooses in the 0,E, directly and without error, that
it can put in "policies' exactly where, when and how it intends, and
its image of the 0.E, is (subject to certain constraints which will
become clear) the 0.E, itself. Thus the artificial system may be

represented in its ''reduced' structure as follows:

| e,
| R
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"Reduced'' Artificial System Structure
Adeptation generally entails some sort of over time behavior and we can
choose a time measure which is quantized (i.e. jumps from one unit to
the next rather than being continuous) and has a finite starting
point:
t=1i,2,3,4, ..,

At each time point, the 1.E. sends control outputs (u) into the O.E.
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These y values can he thought of as heing chosen from some flnite
alphabet U, Further, at each time point the 0.E, receives inputs (x)
from the 0.E. The x vector mey bus thought of as consisting of two
components. The first, p, are performance measures (e.g. Ilevel of
satisfection, etc.) and the second, |, are (nonperformance) information
asbout the 0,E, The valuer of p 2re expressed in a finite alphabet p
and the values of | in a finite alphabet i, (Those three aiphabets

need not be different, only distinguishabie). Thus:

e cou
by & 1

Again, without significant ioss of generaiity, assume each of these
alphabets to be coded as real numbers,

An irner environment can then be said to be adaptive if It is able

- e o —— - . — - '-l-—-r"'-hﬁmm_ l

to choose sequences °{-qt in such a way as to bring and maintain 2! within

specifiod. iImits, MNote that the goal is slmply-to bring p into some

desired interval, The 1, values simpl- give the i.E. information about

the process but do not themselves enter dsirectiy into the i,E.'s objective(s).

Still, howe er, the problem as posed does not have enough structure to

be solved. More must be said about what kinds of 0,E.s and i.E.s ove
being examined. A way of accomplishing this is to iimit the class of
possibie 1,E,s to those which have a finite number of states (that is,
the i.E. at any point in time can only be in one of a finite number

of states where state is used in precisely the same sense 2s coarlier
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and the class of 0.E, to the class of finite sutomata (zee Holt and

Richardson (19_). The probism then becomes: ‘'Is there & univessal

Gold (1971), it can bs proven:
Frr any 1.E. (finite state), there exists & finite state

0.E. such that the i.E. will always behevc in 8 strongly
WOrst way.

:

i

E

I.E. which will adspt to any (finite automaton) 0.E.7 Paraphrasing 1

in the argument which follows, an ajphabet is defined as a | >N
empty set of real numbers and where A |s the alphabst, A* signifies
the set of finite strings of elements in A, The thres alphabets we
will be referring to are U (policy outputs from the 1.E.), P (per-

formence inputs from the 0.€.) and | (information Inputs from the 0.E.). l

Thus:

The 0.E. can be thought of as a function 0, from U¥ to | together with ‘
a function 0p from U* to P. In other words, the outputs of the 1.E. A
(U%) determine | and P for the 0.E. That is, we can say the 1.E. and

0.E. are linked. The 1.E. then is & function E from (i X P)* to U.

The outputs (U) of the |.E. are determined by the pairs of | and p

values generzted by the 0.E. (in response to previous u's). More

formally:
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These functions will result in the following sequences:
e = 0 (v, v, gy eeetyy)
Pe ® 0p (u', Uy 03. "'ut'l)
U = & (s pyi dpe Pai T30 Pyi eendi e Py
The sequence of 1.E, outputs Uy uz...ls. as bsfore, called the behavior

i
!_
|
|
:
!
;

of the 1.E., With this vocabulary, strongly wcrst behavior can be de-
fined., Supposa the set of P values is binary:

Pe 70,18
P = 0 might be interpreted s undesirable and p = | as desirable. A
stronqly worst behavior string, 8%, results if:

1) For the behavior string p, = 0 for all t but,

2) for any behavior string d‘ffcrlng from 8% at sny time,

Py = | for all succeeding times regardless of future
values of Y.

In other words, a behavior is strongly worst If it results in the
lowest possible value of Py for all t and any other behevior would re-
sult In the highest possible value of Pe for all t. Certainly an I,E,
which behaves in a strongly worst manner is not behaving adaptively
no matter how wide & range is put on '‘acceptable limits." Thus If it
can be proven that given any finite state {.E., a finite state O.E.

can always be constructed toward which the 1.E. will behave in a

strongly worst manner, it will have been proven that there exists no

universel |.E,




55.

Suppose that the 0,E, sends out a constant value of | for all t:
't- i for all ¢t

Thus the values of | are "“independent'’ of the behavior of the I.E, When
- lt- i end p=0 for all t, let the |.,E, pass through States Sy» 520
t
$.... producing outputs ol.oz,oa...Slnce, by assumption, the |,E. has

3
a finite nunber of states, it will finally have to repeat a state.

s

let s <+ ; be the first repeated state of the sequence s PP

n
where m (n. Then by assumption u, must have the same perlod thereby

ylelding o, o. Let the O.E, have n 4+ | states So, S|, ols

+1°°
5 such that the O.E, is in Sp, 1Y will send back P, 3 I; a)! other
n

0.E. states will send back p, = 0. Let S, be the initial (at t = 1)
state of the O.é. Fina:ly then we can speclfy the state transformation

rules of the 0,E, as follows: (where y may be read as
/

'moves to'')
(1) Sy Sy for el
(1t) s, H

J—

if o
j+| ut %

s, So |f ug ¥ o

where j = |, 2, ...nand S+ =S,

1
For example, if the O,E, is in State Sj and receives an Input u, ¥ o

t

it will move to S, and remain there for all future time regardless of

0
future values of U This yields & constructlve proof that, if the
0.E. s allowed to have as few as one more state then the I.E., an
0.E, toward which the 1.E, will behave in a stronciy worst manner will

always exist,
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An example might meke thls more clear., Suppose n = 3 (that is, the
number of I,E, States equals 3), At t = I;

Lt DE

‘s
%) i

Since the 0.E, 1s not In So» p' = 0, Further, since u' = 0' did not

result in a desirable value of Pye the 1.E. will move to another staote:

s LE, 9,€,

Agaln, u2 = 02 produces an undeslirable value of p2 and, because o.:2 =0
the 0,E. moved Into State 52 as speclfled by transition rule (11),
3yylelds the same results:

£ LE %E

1

2

3

The 1.E, has now exhausted Its states. Suppose it moves back agaln to

5, (1.e., m = 1) thereby again going through the cycle. Here, then, 1s

an example of how an 0,E, with one more state than & glven 1.E, can always

be constructed so that the 1,E. will behave In a strongly worst mainer,
fhls theorem proves thet glven an |.E,, there will always exist en

0.E. which is cosplex relative to that {.E. (cosplex in the seose of

having sore states) In which the 1,E. will be unable to behave adeptive-

ly (no matter how weakly '‘adeptively" is defined). Additional theoroms
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have been proven (Gold, 1966, 1971) to demonstrate that even for teams
of adaptors utilizing various strategies, there exist environments for
which they will behave in a strongly worse manner.

The import of these results to political theory is not altogether
clear. That there exist (in the mathematical sense) complex outer envi-
ronment - in which any given inner environment will behave in 2 sgrqqgly
worst manner, Is not, of course, to demonstrate that the particular outer
environments in which natlonal systems are located are of this type. It
would seem plausible, however, at least that the outer environment of
any national system has more system~states than does the natlonal system
itself, This Is especially compelling if the national system is seen to
be @ part of its own 0,E, At the very least, these results suggest that
in designing governments, It is probably futlle to attempt to construct &
governmant which is capable of adepting to all O.E.'s. Instead careful

study should be given to classifying the range of O0.E.s.likely to be

encountered by the government,




Section V: Complexity and the international System

One way of classifying 0,E.s might be in terms of their complexity

=

relative to a glven 1,E, As wes argued elsewhere (Thorson, 1972)
the notion of cumplexity involves enormous analytic, conceptual and
empirical problems, However, regardless of these difficulties,
complexity has the advantage of being in part contingent upon national
system structure and of fitting In nicely with some aspects of organi-
zation theory. The utility of these characteristics should become
more apparent in the ensuing discussion,

While it seemed to make intuitive sense to argue that some systems

(e.9., 0.E.3) are inherently more complex than others,such a "non-

contingent'' view of complexity often leads to more problems than it
resolves. What seems to be true is that no satisfactory definition of
the complexity of an environment can be glven independent of the class
of systems ''operating'' in that environment. The reason for this is that
the system can be so designed as to remove some of the "intuitive
complexity'' from the environment. For example, many living species

may well be facing a less complex environment now than they did
thousands of years ago. Through evolution many of the common relational
structures have been ''pre-programmed'' Into the human brain. The brain
has developed in such a way as to operate extremely effectively in an
environment of three dimensions, fast response times (the time it

takes for the environment to respond to eatsrnal stimuli), and few

relevant variables, This pre-programming of complexity through evoiution




59.

or design may weil be a key to sny system's operating adaptively in @
seemingly complex environment.

What of the international poiitical system (a foreign policy
maker's 0,E,)? it is doubtful that the international political system
is of the three dimensional, fast response time, and few reievant
veriabie type, indeed, the ''high order, multiple loop, non-linear
feedback structure' discussed by Forrester (19639) wouid seem to Le
far more descriptive of the international system:

It has become clear that complex systems are counter-
intuitive. That Is, they give indications that suggest
corrective action which will often be ineffective or even
adverse in its results, Very often one finds that the
policies that have been adopted for correcting a diffi-
cuity are actuaily intensifying it rather than producing
a solution,

Choosing an ineffective or detrimental policy for

coping with a complex system is not a matter of ren-

dom choice. The intuitive processes wili select the
wrong solution much more often than not., A complex
system~-a class to which a corporation, & city, an econ-
omy, or government belong--behaves in many ways quite
the opposite of the simple systems from which we have
gained our experience.

Most of our intuitive responses have been developed in
the context of what are technically calied first-order
negative-feedback loops. Such a simple loop is goal-
seeking and has only one important state variable. For
example, warming one's hands beside a stove can be
spproximated as a first-order, negative-feedback ioop
in which the purpose of the process is to obtain warmtn
without burning one's hands. The principal state veri-
able of the loop is the distance from the stove., (f one .
is too close he burns his hand, If too far eway he re-
ceives iittle heat. The intuitive fesson is that cause
and effect are closely related in time and space. Tem=
perature depends on the distance from the stove. Too
much or too little heat is clearly related to the
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] position of the hands. The relation of cause and effect
_ is inmediate and clear, Similarly, the simpie feedback
2 loops that govern walking, driving a car, or picking
things up all train us to find cause and effect occurring
at approximately the same moment and location.

But in complex systems cause and effect are often not ciosely
related in either time or space. The structure of a complex
system is not a simple feedback loop where one system state

; dominates the behavior. The compiex system is of high order,
| meaning that there are many system states (or Ievels?. it
usuaily combines positive-feedback ioops describing growt
processes as well as negative, goal!~-seeking iocops. in the
complex system the cause of a difficuity may lie far back

in time from the symptoms, or in a completely different

and remote part of the system. In fact, causes are usuaily
found, not in prior events, but in the structure and policies
of the system,

To make matters still worse, the complex system is even more
deceptive than merely hiding causes. in the complex system,
when we look for a cause near in time and space to a symptom,
we usually find what appears to be a plausible cause, But
it is usually not the cause., The complex system presents
apparent causes that are in fact coincident symptoms. The
high degree of time correlation between variables in complex
systems can lead us to make cause-and-effect assoclations
between variables that are simply moving together as part
of the total dynamic behavic~ of the system. Condltioned
by our training In simple sys ems, we apply the same intui=-
tion to cumplex systems and are led into error. As a result,
we treat symptoms, not causes. The outcom: iies between
ineffective and detrimental.

»
Actions directed at individual nations often have indirect and

R
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unforseen consequences. Sometimes these consequences take years and
even decades to make themselves known. Soiutions to specific problems
often result in making things worse rather than better. in short,
ratlons’ Toreign pollcy responses often have not been weii selected,

This poor selection may stem partly from man's prociivity to look in

the international environment for kinds of relational structures of

encounters in his day to day experience,
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The complexity of the internstional environment Is in part depen-
dant upon the structure and goalis of the national system which is
attempting to deal with it. Thus oifferent national systems may view
a given international environment as more or less complex, It is,

however, possible to identify some characteristics to look for in

environments:

(1) The number of relevant variables. In general, th . greater
the number of relevant variables, the more conple:: the
environment,

(2) The response time of the environment. In general, the
longer it takes for an environment to respond to foreign
policy inputs, the more complex it is.,

Amount of randomness in the environment. Here the con-
cern is with how much variance Is associated with the
response of the International environment to a given
foreign policy Input from a given national system,

The greater the variance, the greater the randomness.
In general, the greater the randomness, the more com=

Plex the International environment.
With relatively fe: additional assumptions, these notions can be

used to derive a number of qualitative propositions relating the com=

plexity of the international system (0.E,) to the foreign policy re-

sponses of an adaptive national system (1.E.). While the deviation
of these propositions is outside the scope of this chapter, one such
proposition will be derived as an example of the procedure which might
be employed.,

it has been assumed that a national system generates foreign
policy outputs in a way designed to achleve certain goals. These goals

may be thought of as desired system gtates. It was noted that outputs
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of adaptive systems are chosen as » resuit of a Mnorlul‘ record toge- -

ther with the present system'state. It was also stated thet adaptive

systems moy at times mak: the 'wrong'' choice. By a wrong choice it is

meant that the system could have chosen a different output which would
have resulted in the system's mrving to » more desired state. Through
the feedback process the system can generally assess the effect of its
output and correct certain kinds of errors.

in this discussion it will be assumed that some sort of learning

mechanism is present in the netional system, This learning mechani sm
will be & member of the class of familiar trial and error types. Each
time the system has to generate a foreing policy output, a number

i (this number may be or<; of alternotives are considered. Each of
these alternativss hu: nisociated with it some probability of being

chosen as the foreign policy. After an ouiput is chosen, its effect

is evaluated by, some decision component according to some rule. After
this evaluation, the alternatives are assigned new probabilities of
being chosen. This sort of decision procedure will generally yield a

negatively accelerating learning curve as in Figure 1.
L

Probability of a
f Correct Choice
! /,f’

. o|/
r of Trials
Figure 11




63.

By @ correct foreign policy it is meant a foreign policy output which
will result in meeting some well-defined goal, i.e., an adeptive behavior,

In some ceses there may be more than ons correct choice. The curve of

Figure 11 will still hold. What Figure 11 is saying is that, in general,

the probability of a correct choice increases with the number of triasls.

More specificelly, it will be assumed that the particular learn~
ing mechanism will be one similar to that described by Norman (1964)
and that the foreign policy responses generated by the /.E. are made
on the basis of information gained from previous respcnses in situations
deemed similar., It is further assumed that there exists an optimal
policy (in the sense defined earlier), and it is the wesk of the I.E.
to identify and implement this policy. (This formulation ignores
Simon's (1957) claim that Varge scale organizations will often exhibit
“"'satisficing' rather than optimizing behavior)!

The probablllgy of the I.E., choosing a sub-optimal policy will be
some number ''q" where 0 < q 1. in describing foreign policy behavior,
the task then becomes to relate the value of ''q"! on one trial to that
of ''q" on another. A tria! is simply & perception on the part of
the 1.E. of a decision problem together with the |.E. policy response
to that decision problem. in psychological terms, the perception of
a decision problem corresponds to the stimulus and the chosen policy
as the response,

In a theory uf | ,E, policy selection, 2ll those trials in which the

relevant component of the |.E, perceives the decision problem in a
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similar wey can be treated as an equivalence cless of events (triasls),
it is responses to trials which elong to the same equivelence class
that the theory will sttempt to describe. Agein, in the vocabulary of
leerning theory all trials which have "similer'" stimuli wili be con-

sldered to be in the same equivelencs cless independent of the I.E.'s

3

selected policy response.

=g —

Nith the heiz of the preceeding vocebulery, the specific leerning
mechanism being posited can be described more rigorously. On each

triel "n'", the I.E. will respond with a sub=optimal pollcy with a.proba-

T R, 1 g

bility "qn" end with en optimal policy with a probebility 'p ' where, of
4 n

| 4 course: (6) Py ™ V-q,

On eny given trial, the I,E, may or may not learn from its response hcw
to Latter respond on the next trial, This will be represented by e

rendom varieble "yn" which will equal one if learning took place on

.{' trial "n" and zero if no learning took plece, Further, the probeb:iity
. vhat learning takes pleco on any triel will be represented by et

{ Thus:

! i, with probability ¢

¥ Y, " } 0, v.ith probability I-c
where 0 $ ¢ <1
The main axiom describing this learning mechanism describes the relation
. between the probability of selecting a sub-optimai policy on one triel
end that of selecting e sub=optimal policy on the succeeding trial,

it cen be stated in e single difference equation:




Error Curve When: ok = .6

L

Trial Number (n)

Figure 12
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Since "yn” wiil equal either zero or one, the above difference equetion

can be split into two equations:

éan, with probebility c

9) e ™

q.s with probability l-c

Equation (8) Lor. equivalsntly, equation (9{] simply provides a rule
by which the result of one trisl affects the probability of selecting
2 sub-optimal policy on the nert. More specificaliy, it states thet
each successive ''increment of learning'' is smaller than the previous
one (unless cil andX = 0) in which case "all or none' learning takes
place and the probability of selecting a sub-optimal policy goes to
Zero as soon as any learning takes place.

The behevior described by (8) is illustrated in Figure 12, Here
"'q,"" (the probability of selecting a sub-optimal policy on the first
triai) is 1.0, "' is 0,6 and ''c" 1s 1,0, Notice the downward sloplng
(et @ decreasing rate) error curve approaching 'q.'' equai to zero as
an asymptote. it can be seen in equation (8) that, all other things
being equal, the smaller the value of ' ", the faster the rate of learn-
ing (i.e., the faster the value of ''q" decreases).

More importantly, an inspection of (8) reveals that the equetion
hes two parameters, ''c'' and ''"»'. This fact can be used to soive (8)

for various statistics in terms of '“J' and 'c'". For our purposes two

of the most important statistics are the expected number of sub-optimai
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resyonses in an Infinite nunber of trails'E(Ti' and the variance about
the expected total number of sub-optimal r:sponses  var (T}. Equations
in terms of ‘¢, '-' and 'q ' for these two statistics can be derlved
from (0) above (for the derivations of these as well as other statistics
t2e Norman (1964) to yleld:
q -»>
(o) em ot L{q" + ( e+ 1ec) ] emJ
(11)  var (T) = E(T) [l + qp\ c(i- 2)

if there Is no additional Information, ''q ' Is generally thought to

equal (i -%‘) where ''r" Is the number of alternative policles and

(since the 1.E. has no additional information) the I.E. must simply

select one '‘at rapdoml" From (10) it is clear tiat (al) other things Leing
equal) as ''q ' gets larger, E(T) gets larcer. That Is, under the

posited learning mechanism the larger the initial probabillty of select-
Ing a sub-optimal policy, the greater will he the expected total number of
sub-optimal policles which will be selected.

Based upon the previous dlscuision, It can be said that with respect
to & fixed i,E., and a given declsion problem, 0,E, becones more complex
#s It becomes more ''difflcult’ for the |,E. to respond with an optimal
policy. Moreover, the learning mechanism described above permits an
unambiquous (though not necessarily unobjectionable) index of the diffi-
culty of 8 decision problem -~ the greater tiie value of E(T) for a given
decislon problem the creater the difficulty of that decision problem.

As has been seen, E(T) 1s dependent upon ''q ', ''c" and ''{" and will in-

crease with decreases in ''q ' or ''¢'" or Increases In ',
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In most instances tic values ''q)" and " X' (the learning rate parameter)
would seem to be dependent upon the structuring of the 1,E. Ts say
not be the case with "c.'" in terms of the thiorem proved earlicr
concerning the impossibillity of a universal adaptor, ''c'' reflects the
probabllity that performance Information In £y will be used in such a
way as to decrement the value of q, on the next trlal (it would be
Interesting to change the learning mechanism to allow information. to be
utilized in such a way as to actually increment the value of q, :js

Ir some kinds of hypothesls learniné]). As the value of ''¢'' decreoses.
both E(T) and var(T) increase dromaticolly as can be seen in Table 4,

Toble 4

values of E(T) and var (T) for selected values of ''¢"

(q, = -667, %= .5

E(T) var(T)
c=1.0 1.33 0.74
¢ =0.5 2.0 3.34
c=0.1 13.34 45.49

The parameter ''c'' might be interpreted as being the probability
that the 0.E, will send a ''usale" (i.e., one that enables learning
to take place) performance responie to the |.,E., The greater the value
of ''¢c" the fewer the expected total number of sub-optimal policy outputs
end the smaller will be the variaice sbout this expectation. in general,
it would be thought that sub-optimal policies would (assuming ;n effec-
tlve access and observation Interface) be followed by an 0.E, response

Indicating '"low'' performance and the value of ‘¢!’ w~uld be very high,
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However, if there is considerable randomness in the 0,E, this need not

be the case as the performance response o’ the 0.E, to equivalent policy

inputs would not be deterministic, but rather would be coverned by some

probability function. The probability that effective ..arnling would

! . take place on any given trail (c) would generally decresse as the ran-
domness in the 0,E, increases.

it seems plausible to argue that as tie randomness of the O.E.

increases its complexity will eitier remain the same (if the increased
randomness does not affect the particular decision problem being
studied) or increase (if the Increased randomness does affect the
decision problem). In the rest of this paper ''increased randomness''
will refer only to the later case where the particular decision problem
of interest is affected. With this restriction on the use of ''increased
randomness,'' it seems that increases In the randomness will increase the
complexity of the 0,E, by decreasing the value of ''c."

If this be so, a proposition relating changes in the complexity of

L e S

the 0.E. to the variance (ver(T): of the 0,E,'s foreign policy behavior
immediately follows (it will be assumed that the interfaces are constant
and effective enouch ¢o handie the outputs generated and to adequtely
observe their effects.)
Propositions The more randomness in tiie international environment, i
(0.E.) the greater will be the overtime variance [var(T)_; in a8 national

system's foreign policy outputs.
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This proposition asserts that when a given poi icy output does not
have the sa.e effect upon the environment, the nationel system moves
from policy to policy In an attempt to find 4 correct ore. Supposing
there is a correct response, the randomness in the environment may, at
times, have the effect of making a 'correct” choice sppear incorrect.
Thus it wil) take more trisls to learn the correct response and there
will be considerable movement about the set of possible responses.

The result of this will be to make the national system operating in such
an environment appear to have a vacillating or inconsis.ent foreign
policy. An example of this might be U.S. foreign aid policy since
Worid War 1l, Here the U.S. appears unable to decide whether foreign
aid shoula take the form of large amounts of dollars or technical
assistance. One could argue that this vacillation is the result of

not getting similar environmental responses from policy outputs which
were thought to be the same. Thus the U,S. cannot decide between

big money and technical assistance.

The derivation of this proposition under the particular learning
mechanism baing posited should be clear from the earlier discussion.
Increasing the randomness in the 0.E. results In decreasing ''c" and as
"’c'' decreases, var(T) Increases (see Table 4 for a numerical example).

While there are a number of other propositions which could be made
relating the complexity of the environment to national foreign policy
behavior, it is impor:ant to mention some possible effects of the

interface on foreign policy outputs.
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So far, it has been sssumed-that the-interfeces were constant and
effective. In many cases this assusption is not valid, There are times
when the nations! system simply cannot access the environment in the
way that it wants. As a result, it cannot achieve certsin of its de-
sired states. Even more often there are problems with the observation
Intecface. Elther the nations! system does not know thet variables to
look i n 23sess its policy or the variables are not directly observ
sbie anu ncasures for them are unreliable. Some of the controversy
oves zfrs i:mitations may be seen as stemming from difficulty in the
ob:srvation interface. Here the stakes are very high, and the national
sys«:%u iS5 not certain it can measure accurately the effect of an arms
lim vation policy. In such a circumstance it is highly unlikely that a
liziizzion policy will be put into effect. The reason for its not being
ad>cted may be due not to uncertainty in the environment but rether to
being unable to adequately observe the state of the environment. Generelly
when it Is thought an output choice could possibly result in moving the
netional system to & highly undesirable state if it is not corrected
quickly and If its effect is not observable, then the output will
probasbly not be generated even though it is highly probable that the
outcoms will be very favorsble to the national system. This proposition
in effect says that the adaptive national system will not attempt to
optimize on a particular objective if it realizes that it could be badly
hurt |f the environment does not respond to its policy the way it
forecasts it will and the national system cannot observe quickly enough

what the environmental response is.
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in view of these few propositinne, certain -foreign policy strategles
become apparent. For example, if the environment is fairly random, a
nat ion wanting to meet soms goal might first try to structure the environ=
ment to make it more predictable. This notion is Implicit in British
foreign policy in the 19th century. Further, Aiger (i961) has speculated
that one of the effects of the United Nations is to make the world more
predictable. This In turn means national policies can be more consistent.

Conversely, a nationai system which was a part of another national
system's international environment might want to make Its responses
somewhat random to force the second nation into adopting an inconsis=
tent policy toward it, Thus, for certain purposes a nation might want
to Increase the randomness in the international system,

Certainly none of the propositions which have been made are "new'
to the study of foreign poiicy. They can be found, in various forms,
throughout the literature. However, that they follow from the framework
developed in this paper is of some interest. For this framework gives
a language and a structure with which we can reiate the national system
to Its international environment, Relatively few propositions have been
presented of the many that could have been, The purpose, however, of
this paper has not been to introduce propositions, but to sketch »

unified perspective from which to begin to theorize about a ''conmplex’

social phenomenon--national foreign policy behavior,

e e R e e
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Summary
If foreign policy behaviors are to be viewed as being generated by

adaptive national systems, then a language appropriate to this focus
must be Iintroduced. The concepts surrounding Simon's Notion of an
“artificiel' system provide one such vocabulary, Artificial systems
may be thought of as a subset of general systems ar 1 are characterized
by such concepts as ''goals'’, ''Inner environments'', ''‘outer environments',
and "interfaces.'" An adaptive national system was then defined as a
government (1.E.,) attempting to achleve gosls (maintain state variables
within specified limits) in an 0.E. consisting of (at oie level of
disaggregation) the domestic environment and the interactional :ystem,
Several additional components of adaptive systems were ment ioned and
sone of their Implications for national systems were discussed., The
definition of an adaptive system was employed to prove the Impossibility
of @ universal adaptor and this result was used to suggest that 0,E.'s
be classified as to their complexity with respect to a given I.E,

(national system), An Illustrative proposition was derived utilizing

this approach.
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